This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



Europaisches Patentamt 

® ^11 J European Patent Office © Publication number: 0130541 ^ 

Office europSen des brevets ^ ^ 

© EUROPEAN PATENT APPLICATION 

<£) Application number: S41 07353.9 © Int. CI. 4 : F 16 F 15/30, F 16 C 39/06, 

B64G 1/28 

@ Date of filing : 26.06.84 



© Priority: 30.06.83 JP119313/83 



® Date of publication of application : 09.01 .85 
Bulletin 85/2 



@ Designated Contracting States: DE FR GB NL 



© Applicant: Kabushlkl Kaisha Toshiba, 72, Horlkawa-cho 
Saiwal-ku t Kawasakl-shl Kanagawa-ken 210 (JP) 
Applicant: NATIONAL AEROSPACE LABORATORY, 
1880 Jlndaljl-machi, Chofu-shl Tokyo (JP) 



@ Inventor: Shlmamoto, Yoshiharu c/o Patent Division, 
Kabushlkl Kaisha Toshiba 1-1 Shlbaura 1-chome, 
Mlnato-ku Tokyo 105 (JP) 



@ Representative : Blumbach Weser Bergen Kramer 

Zwlrner Hoffmann Patentanwalte, Radeckestrasse 43, 
D-8000 Munchen 60 (DE) 



@ Flywheel apparatus. 

@ A flywheel apparatus of the invention has a base (12) and 
a rotor (20). The rotor (20) is supported by a magnetic bearing 
(44). The magnetic bearing (44) has a first annular plate mem- 
ber (46) of a magnetic material, a second annular plate mem- 
ber (56) of magnetic material radially opposing the first annular 
plate member (46) so as to define a first annular gap (58), and 
at least two magnetic circuits (M1. W2) formed between the 
first and second annular plate members (46 and 56) as the first 
annular (58) is a common magnetic path. The apparatus further 
includes solenoids (82, 84, 86, 88) for changing, at a plurality of 
positions along the circumferential direction of the first annular 
magnetic gap, the density of the magnetic fluxes passing along 
the common magnetic path. 
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Flywheel. apparatus 

The present invention relates to a flywheel 
apparatus using a magnetic bearing and, more particu- 
larly, to a flywheel apparatus used for satellite 
attitude control, i.e., a reaction wheel of a magnetic 
5 bearing type . 

Flywheel type actuators such as a momentum wheel or 
a reaction wheel are widely used for controlling the 
orientation of a satellite. Various types of such 
flywheel type actuators have already been developed. 

10 The flywheel apparatus generally has a rotor and a 

motor for driving the rotor at high speed. In a 
flywheel apparatus of this type, the rotor is rotatably 
supported through ball bearing. 

However, when a flywheel apparatus of the type 

15 using ball bearing is used for a flywheel type actuator 
for controlling satellite attitude, it is dis- 
advantageous that the ball bearing must be lubricated 
as it wears over time since they are of the contact 
type. Because, any piece of equipment to be installed 

20 on a satellite must be maintenance-free and must have 
a semi-permanent life. For this reason, it is 
advantageous to use a magnetic bearing of a noncontact 
type as the rotor bearing of the flywheel apparatus used 
for satellite attitude control. 

25 A satellite momentum wheel as described in U.S. P. 

No. 3,955,8 58 is known as a flywheel apparatus of the 
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type which uses magnetic bearings of a noncontact type. 
In the magnetic bearings of this conventional satellite 
momentum wheel, the rotor is radially supported by an 
uncontrolled type of magnetic circuit or by a passive 
magnetic circuit utilizing a permanent magnet, and the 
rotor is axially supported by a controlled type of 
magnetic circuit or by an active magnetic circuit 
utilizing an electromagnet. 

However, a flywheel apparatus using magnetic 
bearing of this type still has problems. In the type of 
magnetic bearing described, above, the rotor is radially 
supported by the passive magnetic circuit. Thus, in 
order to improve the cross-axial stiffness of the rotor, 
the stiffness preventing the rotor from rotating around 
the axis perpendicular to the rotating axis of the 
rotor, the diameter of the magnetic bearings must be 
decreased and/or the distance between the rotor and each 
magnetic bearing along the rotating axis of the rotor 
must be increased. When the diameter of the magnetic 
bearings is decreased to improve the cross-axial 
stiffness of the rotor, the mass of the .rotary side of 
the magnetic bearings cannot be effectively reflected 
upon the angular momentum of a rotary section (mainly 
the rotor) of the flywheel apparatus. As a result, the 
angular momentum of the rotary section of the flywheel 
apparatus per unit weight becomes, by necessity, small. 
On the other hand, if the distance between the rotor and 
the magnetic bearings along the rotating axis of the 
rotor is increased for the* same reason as described 
above, the size of the apparatus along the rotating axis 
of the rotor is increased, and the overall flywheel 
apparatus becomes bulky. Such a bulky flywheel 
apparatus is not suitable for installation in a 
satellite. 

It is an object of the present invention to provide 
a flywheel apparatus which is compact in size and light 
in weight, in which both the cross-axial stiffness of 
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a rotor, and the angular momentum of the rotary section 
of the apparatus per unit weight thereof can be 
increased . 

In order to achieve the above object of the present 
invention, there is provided a flywheel apparatus of 
magnetic bearing type comprising: 

a base having a central axis; 

a rotor arranged to be rotatable around the central 
axis of the base; 

a magnetic bearing device which is interposed 
between the rotor and the base to support the rotor, the 
magnetic bearing device including: 

a first annular plate member of a 
magnetic material mounted on the base to be 
coaxial with the central axis of the base, 

a second annular plate member of a 
magnetic material mounted on the rotor to be 
coaxial therewith and opposite of the first 
annular plate member along a radial direction 
of the apparatus, the first and second annular 
plate members defining a first annular gap 
therebetween substantially concentric with the 
rotor, and 

magnetic circuit means having at least 
two closed magnetic circuits between the first 
and second annular plate members and having 
the first annular gap as a common magnetic 
path, the magnetic circuit means having, at 
least at the first annular plate member, a 
pair of first annular permanent magnets 
arranged to sandwich the first annular plate 
member, the first annular permanent magnets 
being magnetized in opposite directions along 
the axial direction of said rotor; 
magnetic flux varying means for varying the density 
of the magnetic fluxes passing through the common 
magnetic path at a plurality of positions along 
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a circumferential direction of the first annular gap; 

detecting means for detecting the eccentricity of 
the axis of the rotor with respect to the central axis 
of the base along the radial direction of the apparatus; 
5 and 

rotary driving means, interposed between the base 
and the rotor, for driving the rotation of the rotor 
around the central axis of the base. 

• According to the present invention, the rotor is 

10 ' axially supported by a passive magnetic circuit and is 
radially supported by an active magnetic circuit. For 
this reason, unlike in the case of a magnetic bearing of 
the type described above, the cross-axial stiffness of 
the rotor is improved if the size of the magnetic 

15 bearing along the axial direction of the rotor is small 
and/or if the diameter of the magneti'c bearing is great. 
Thus, if the diameter of the magnetic bearing is 
increased to satisfy one of these two conditions, the 
mass of the rotary side of the magnetic bearing can be 

20 effectively reflected upon the angular momentum of the 
rotary section of the flywheel apparatus. In this 
manner, the cross-axial stiffness of the rotor can be 
improved, and the angular momentum per unit weight of 
the rotary section of the flywheel apparatus can be 

25 increased. Conversely, if the angular momentum per unit 
weight of the rotary section of the flywheel apparatus 
is kept to be the same as that of the conventional 
apparatus, the size of the rotor and hence the apparatus 
. along the radial direction of the rotor can be reduced. 

30 If the size of the magnetic bearing along the axial 

direction of the rotor is decreased to satisfy the other 
condition of improving the cross-axial stiffness of the 
rotor, the size of the apparatus along this axial 
direction can also be reduced. As a consequence, the 

35 overall flywheel apparatus can be rendered flat and 

compact in size and becomes suitable for a flywheel type 
actuator to be installed in a satellite. When the 
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flywheel apparatus is rendered flat and compact in size 
in this manner, the relative positioning of a plurality 
of flywheel apparatuses is easy, and the overall 
flywheel type actuator can be rendered compact in size 
and light in weight. The stress acting on the portion 
of the satellite mounted the flywheel type actuator 
during launching of the satellite can be reduced. 
Furthermore, since the diameter of the magnetic bearing 
can be increased, the diameter of other conventional 
contact-type additional bearings for supporting the 
rotating shaft of the rotor in an emergency can also be 
increased. The mechanical strength of the additional 
bearings can be increased, thus preventing damage to the 
additional bearings upon launching of the satellite. 

Finally, according to the present invention, 
centering of the rotor with respect to the central axis 
of the base along the radial direction of the rotor is 
accomplished by controlling the density of the magnetic 
fluxes passing through the common magnetic path of the 
two magnetic circuits. Therefore, any decrease in the 
cross-axial stiffness of the rotor can be reduced to a 
minimum when the rotor is centered with the base. 

This invention can be more fully understood from 
the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a sectional view showing a flywheel 
apparatus according to an embodiment of the present 
invention; 

Fig. 2 is a sectional view of the apparatus shown 
in Fig. 1 along the line II - II therein; 

Fig. 3 is an enlarged partial view of the flywheel 
apparatus shown in Fig. 1; and 

Figs. 4 to 10 are partial sectional views of 
flywheel apparatuses according to other embodiments of 
the present invention . 

Figs. 1 to 3 show a flywheel apparatus according to 
an embodiment of the present invention. The apparatus 
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has a base 12. The base 12 consists of a hollow inner 
cylinder 14 , a flange 16 formed integrally with the 
lower portion (Fig. 1) of the cylinder 14, and an outer 
cylinder 18 of a magnetic material which concentrically 
surrounds the inner cylinder 14 and has one end (lower 
end in Fig. 1) fixed to the upper outer periphery of the 
flange 16. A rotor 20 of a nonmagnetic material is 
arranged radially outwardly of the base 12 so as to be 
rotatable around the central axis of the base 12 through 
a magnetic bearing to be described later. As shown in 
Fig. 1, the rotor 20 has a flat hollow cylindrical shape 
having an open lower end which covers the base 12 
substantially coaxially with the central axis of the 
base 12. A hole 22 having a larger diameter than that 
of the inner cylinder 14 of the base 12 is formed at the 
center of the upper end of the rotor 20 opposite to its 
open end so as to be coaxial with the axis or central 
axis of the inner cylinder 14. 

A support cylinder 24 is fixed to the inner side 
wall of the rotor 20 so as to be coaxial therewith. The 
support cylinder 24 has an inner diameter equal to the 
diameter of the hole 22 of the rotor 2 0 and extends 
toward the flange 16 of the base 12 and between the 
inner and outer cylinders 14 and 18 of the base 12. 

A brushless motor 26 is arranged between the inner 
side wall of the rotor 20 and the flange 16 of the base 
12. The brushless motor 26 comprises a rotor 28 having 
an annular groove, the rotor 28 being fixed to the outer 
circumf erential surface of the support cylinder 24, and 
a stator 30 received in the groove of the rotor 28, the 
stator 30 being fixed to the flange 16 of the base 12. 
The power supply terminal of the stator 30 is 
electrically connected to the output terminal of a power 
supply device (not shown). 

A projecting ring 32 is formed on the inner 
circumferential wall of the support cylinder 24 at a 
position halfway along the axial direction. The ring 32 
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reduces the inner diameter of the support cylinder 24. 
Displacement sensors 34, 36 , 38 and 40 are formed at 
equal intervals on the outer circumferential surface of 
the inner cylinder 14 which is opposite of the ring 32 
of the support cylinder 24 . The sensor 40 is not shown 
in Fig. 1. The sensors 34, 36, 38 and 40 comprise, for 
example, distance measuring sensors of an eddy current 
type and produce distance outputs respectively 
corresponding to the distance between the ring 32 of the 
support cylinder 24 and the outer circumferential 
surface of the inner cylinder 14 of the base 12. , If the 
sensors 34, 36, 38 and 40 are of the eddy current type, 
the ring 32 of the support cylinder 24 consists of a 
magnetic material. 

A pair of ball bearings 42 is arranged between the 
outer circumferential surface of the inner cylinder 14 
of the base 12 and the inner circumferential surface of 
the support cylinder 24 so. as to be located above and 
below the sensors 34, 36, 38 and 40. The inner rings of 
the ball bearings 42 are fixed to the outer circum- 
ferential surface of the inner cylinder .14 of the base 
12, so that the ball bearings 42 can mechanically 
support the rotor 2 0 in an emergency or the like. 

A magnetic bearing 44 will now be described in 
detail. The magnetic bearing 44 has a first annular 
plate 46 of a magnetic material housed in the rotor 20 
to be coaxial with the central axis of the base 12. The 
first annular plate 46 is magnetically and mechanically 
coupled to the outer cylinder 18 of* the base 12 through 
four arms 48, 50, 52 and 54 of a magnetic material. The 
arms 48, 50, 52 and 54 are arranged along the circum- 
ferential direction of the outer cylinder 18. A second 
annular plate 56 of magnetic material and of the same 
thickness as that of the first annular plate 46 is fixed 
to the inner circumferential wall of the rotor 20 
coaxially therewith. Thus, the first and second annular 
plates 4 6 and 56 are opposite to each other along the 
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radial direction. A first annular gap 58 is defined 
between the first and second annular plates 46 and 56. 
It is to be noted that the first and second annular 
plates 46 and 56, the ring 32 of the support cylinder 
24, and the sensors 34, 36, 38 and 40 are arranged on a 
single plane. 

A magnetic circuit section 60 is arranged between 
the first and second annular plates 46 and 56 and forms 
two -magnetic circuits along the • central axis of the base 
12 which have the first annular gap 58 as a common 
magnetic path. The magnetic circuit section 60 has a 
pair of first annular permanent magnets 62 and 64 fixed 
on the annular surfaces of the first annular plate 46. 
The first annular permanent magnets 62 and 64 are 
magnetized to have poles N and S in Fig. 1. Thus, the 
first annular permanent magnets 62 and 64 are magnetized 
in opposite directions. A pair of first yokes 66 and 68 
of an annular plate shape are fixed on the f irst annular 
permanent magnets 6 2 and 64, respectively. It is to be 
noted here that the inner and outer circumferential 
surfaces of the first annular permanent magnets 62 and 
64 and the first yokes 66 and 68 are level with the 
inner and outer circumferential surfaces of the first 
annular plate 46. 

A pair of second annular permanent magnets 70 and 
72 are fixed on the annular surfaces of the second 
annular plate 56 of the rotor 20. The second annular 
permanent magnets 7 0 and 72 have the same axial 
dimension as that of the first annular permanent magnets 
62 and 64. The second annular permanent magnets 70 and 
72 are magnetized to have poles N and S shown in Fig. 1. 
Thus, the second annular permanent magnets 70 and 72 are 
also magnetized along opposite directions. Furthermore, 
the magnetization direction of the second annular 
permanent magnets 7 0 and 72 is opposite to that of the 
first annular permanent magnets 62 and 64 radially 
opposing them. A pair of second yokes 74 and 76 of 
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annular plate shape is fixed on the second annular 
permanent magnets 70 and 72, respectively. The second 
yokes 74 and 76 are opposite to the first yokes 66 and 
68 along the radial direction. The paired yokes 66 and 
74 define a second annular gap 78 therebetween, and the 
paired yokes 68 and 76 define a third annular gap 80 
therebetween. Note that the inner circumferential 
surfaces of the second annular permanent magnets 70 and 
72 and of the second yokes 74 and 76 are level with the 
inner circumferential surface of the second annular 
plate 56. 

Thus, the magnetic circuit section 60 has magnetic 
circuits Ml and M2 of magnetic paths X and Y, 
respectively, shown in Fig. 3. The magnetic circuit Ml 
is defined by the first annular permanent magnet 62, the 
first annular plate 46, the first annular gap 58, the 
second annular plate 56, the second annular permanent 
magnet 70, the second yoke 74, the second annular gap 
78, and the first yoke 66. The magnetic circuit M2 is 
defined by the first annular permanent magnet 64, the 
first annular plate 46, the first annular gap 58, the 
second annular plate 56, the second annular permanent 
magnet 72, the second yoke 76, the third annular gap 80, 
and the first yoke 68. When these magnetic circuits Ml 
and M2 are formed, a magnetic attraction exists between 
the first and second yokes 66 and 74, between the first 
and second annular plates 46 and 56, and between the 
first and second yokes 68 and 76. When these attraction 
forces are preset properly, they can axially support 20. 
In other words, the rotor 20 is axially supported by the 
passive magnetic circuits Ml and M2 with respect to the 
base 12 in a noncontact state, so that axial 
displacement of the rotor 2 0 is completely prevented. 

The density of the magnetic fluxes passing along 
the common magnetic path of the magnetic circuits Ml and 
M2 , that is, the first annular gap 58, can be controlled 
at a plurality of positions along the circumferential 
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direction of the first annular gap 56 by a magnetic flux 
density varying device. The magnetic flux density 
varying device has solenoids 82, 84, 86 and 88 wound 
around the magnetic arms 48, 50, 52 and 54, respec- 
5 tively. Power supply terminals (not shown) of the 

solenoids 82, 84, 86 and 88 are electrically connected 
to a power supply control circuit (not shown) of a known 
zero power control scheme. The power supply control 
circuit controls the power supplied to the solenoids 82, 

10 84, 86 and 88 in cooperation with the displacement 

sensors 34, 36, 38 and 40. This will be described in 
more detail below. When the gap length of the first 
annular gap 58 between the first and second annular 
plates 46 and 56 is decreased at a certain position 

15 along the circumferential direction, the gap length of 

the first annular gap 58 at a position 180° shifted from 
this position is increased. This irregularity in the 
gap distance of the first annular gap 58 appears as a 
change in the outputs in the sensors 34/ 36, 38 and 40* 

20 Based on such a change in the outputs from the sensors 
34, 36, 38 and 40, the magnetic flux density of the 
first magnetic gap 58 at such a narrowed position is 
decreased by controlling the solenoid near this narrowed 
position. Conversely, where the gap length of the first 

25 annular gap 58 increases at a certain position, the 
magnetic flux density of the first annular gap 58 at 
such an extended position is increased by the solenoid 
near this position. Thereafter, when the gap length of 
the first annular gap 58 becomes uniform including the 

30 narrowed and extended positions, the power supplied to 

the solenoid 82, 84, 86 and 88 is stopped. According to 
this power supply control circuit, the gap length of the 
first annular gap 58 is kept uniform along the 
circumferential direction, so that the rotor 20 can be 

35 easily centered with the base 12 in a stable manner. In 
other words, the rotor 20 is radially supported with 
respect to the base 12 in a noncontact manner by 
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a plurality of active magnetic circuits defined by the 
arms 48 f 50, 52 and 54, and the first and second annular 
plates 46 and 56, 

In this manner, the rotor 20 is supported with 
respect to the base 12 both axially and radially by the 
passive magnetic circuits Ml and M2 and the active 
magnetic circuits. When the rotor 20 is driven by the 
brushless motor 26 in this state, the rotor 20 is kept 
in a completely noncontact state and is rotated around 
the central axis of the base 12, so that the flywheel 
apparatus can function well. 

The cross-axial stiffness KG of the rotor 20 of the 
flywheel apparatus described above is known to be given 
by: 

K9 = (1/4 ) -Kr(B 2 -(Ku-A 2 )/(2.Kr ) ) 
wherein 

Kr: stiffness of the rotor along the radial 
direction, 

A: axial size of the magnetic bearing, 
B: diameter of the magnetic bearing, and 

Ku: unbalanced stiffness along the axial direction 
of the rotor. 

As can be seen from this relation, the value of A 
can be decreased and/or the value of B can be increased 
in order to improve the stiffness K8 of the rotor 20. 
If the magnetic bearing 44 is arranged near the outer 
circumferential wall of the rotor 20 as in the flywheel 
apparatus of the present invention, the diameter B of 
the magnetic bearing 44 can be increased, and K0 can 
thus be increased. When the diameter B of the magnetic 
bearing 44 is great, as in this case, the mass of the 
rotary side (the second annular permanent magnets 7 0 and 
72, the second yokes 74 and 76 and the second annular 
plate 56) of the magnetic bearing 44 can be effectively 
used for increasing the angular momentum of the rotor 20 
as compared to a conventional apparatus of the same 
type. If the angular momentum of the rotor 20 is the 
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same as that in a conventional apparatus, the diameter 
of the rotor 20 and hence the flywheel apparatus can be 
rendered small. 

Meanwhile, the value of A can be decreased to 
increase K9 . In this case, K6 can be increased while at 
the same time the axial size of the flywheel apparatus 
can be decreased. Therefore, the flywheel apparatus can 
be rendered flat. 

The present invention is not limited to the 
flywheel apparatus of the embodiment described above. 
Figs. 4 to 10 show parts of flywheel apparatuses 
according to other embodiments of the present invention. 
The same reference numerals as in Figs. 1 to 3 denote 
the same parts in Figs. 4 to. 10, and a detailed 
description thereof will be omitted. Only those 
features of these other embodiments which are different 
from the first embodiment described above will be 
described below. 

Referring to Fig. 4, the radially opposing 
peripheries of the paired yokes 66 and 74 and of paired 
yokes 68 and 76 are thinner than the other peripheries 
thereof. With this construction, the magnetic fluxes 
passing through the second and third annular gaps 78 and 
80 can be saturated at a higher density than those 
magnetic fluxes passing through the first annular gap 
58. As a result, the ratio Ku/Kr can be rendered 
smaller and the value of K8 can be increased further. 

Referring to Fig. 5, the radially opposing end 
surfaces of the first and second annular plates 4 6 and 
56 have annular grooves 90 and 92, respectively. Then, 
the value of Ku in the above relation can be decreased, 
and the value of K6 can also be increased. 

Referring to Fig. 6, the outer circumferential 
surfaces of the first yokes 66 # and 68 and the first 
annular plate 4 6 extend radially outward from the outer 
circumferential surfaces of the first annular permanent 
magnets 62 and 64. Then, the magnetix fluxes passing 
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through the first to third annular gaps 58 , 78 and 80 
can be concentrated on the outer circumferential 
surfaces of the first yokes 66 and 68. 

Referring to Fig. 7, thin rings 94 having 
conductivity and elasticity as electromagnetic dampers 
are arranged between the outer peripheries of the first 
yoke 66 and the first annular plate 46 and between the 
outer peripheries of the first annular plate 46 and the 
first yoke 68 , respectively, so as to cover the outer 
circumferential surfaces of the first annular permanent 
magnets 62 and 64. Then, the axial vibration 
transmitted from the base 12 can be absorbed by the 
rings 94. The rotary side elements 56, 70, 72, 74 and 
76 of the magnetic bearing 44 can alternatively be 
mounted on the rotor 2 0 through buffer members, so as to 
absorb the axial vibration of the base 12 which may be 
transmitted to the rotor 20. 

Referring to Fig. 8, third and fourth annular 
permanent magnets 9 6 and 98, and third and fourth 
annular yokes 10 0 and 102 which together constitute a 
third magnetic circuit M3 are arranged below the first 
and second yokes 68 and 76. The same effect as that in 
the above embodiments can be obtained when three 
magnetic circuits Ml, M2 and M3 are arranged in this 



Referring to Fig. 9, the second annular permanent 
magnets 70 and 72 and the second yokes 74 and 76 are 
omitted. Instead, a third annular yoke 104 is formed 
integrally with the second annular plate 56. The third 
annular yoke 104 extends vertically from the upper and 
lower surfaces of the outer periphery of the second 
annular plate 56. The upper and lower ends of the third 
annular yoke 104 radially oppose the first yokes 66 and 
68. Then, two magnetic circuits similar to the magnetic 
circuits Ml and M2 can be formed. 

Finally, in Fig. 10, the rotary side elements of 
the magnetic bearing 44 are arranged radially inwardly 



25 



manner . 




- 14 - 0130541 

of the stationary side elements thereof. 

In order to provide a still stabler radial support 
of the rotor 20, the first annular plate 46 can be 
circumf erentially divided into sections to define gaps 
5 therebetween, or a plurality of notches can be formed' 

along the circumferential direction of the first annular 
plate 46/ Alternatively, the first annular plate 46 can 
consist of rings which are stacked in the radial 
direction. 
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1. A flywheel apparatus of a magnetic bearing type 
comprising: 

5 a base (12) having a central axis; 

a rotor (20) arranged to be rotatable around the 
central axis of the base; and 

a magnetic bearing device (44) which is interposed 
between the rotor and the base to support the rotor, 
10 characterized in that 

said magnetic bearing device includes: 

a first annular plate member (46) of a 
magnetic material mounted on the base to be 
coaxial with, the central axis of the base, 
15 a second annular plate member (56) of a 

magnetic material mounted on the rotor to be 
coaxial therewith and opposite of the first 
annular plate member along a radial direction 
of the apparatus, the first and second annular 
20 plate members defining a first annular (58) 

gap therebetween substantially concentric with 
the rotor, and 

magnetic circuit means (60) having at 
least two closed magnetic circuits (Ml, M2 ) 
25 between the first and second annular plate 

members and having the first annular gap as a 
common magnetic path, the magnetic circuit 
means having, at least at the first annular 
plate member,, a pair of first annular 
30 permanent magnets (62, 64) arranged to 

sandwich the first annular plate member, the 
first annular permanent magnets being 
magnetized in opposite directions along the 
axial direction of said rotor; and in that 
35 said flywheel apparatus further includes: 

magnetic flux varying means (82, 84, 86, 
88) for varying a magnetic flux density of 
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magnetic fluxes passing through the common 
magnetic path at a plurality of positions 
along a circumferential direction of the first 
annular gap, 

detecting means (34,-36, 38, 40) for 
detecting eccentricity of the axis of said 
rotor with respect to the central axis of said 
base along the radial direction of said 
apparatus, and 

rotary driving means (26), interposed 
between said base and said rotor, for driving 
a rotation of said rotor around the central 
axis of said base. 

2. An apparatus according to claim 1, character- 
ized in that the magnetic circuit means further includes 
a pair of second annular permanent magnets (70, 72) 
mounted on the second annular plate member to sandwich 
the second annular plate member, the second annular 
permanent magnets being magnetized along the axial 
direction of the rotor, and each of the second annular 
permanent magnets and a radially opposing one of the 
first annular permanent magnets being magnetized in 
opposite directions; first yokes (66, 68) of an annular 
plate shape mounted on the first annular permanent 
magnets to sandwich the first annular permanent magnets 
with the first annular plate member; and second yokes 
(74, 76) of an annular plate shape mounted on the second 
annular permanent magnets to sandwich the second annular 
permanent magnets together with the second annular plate 
member, pairs of the first and second yokes being 
formed, such that the pairs of the first and second 
yokes are radially opposed to each other to define 
second arid third annular gaps between the pairs. 

3. An apparatus according to claim 2, character- 
ized in that an area of one of radially opposing end 
surfaces of the pairs (66 and 74, 68 and 76) is smaller 
than an area of the other end surface of the pairs. 
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4. An apparatus according to claim 2, character- 
ized in that radially opposing circumferential surfaces 
of the first and second annular plate members have 
annular grooves (90, 92), respectively. 

5. An apparatus according to claim 2, character- 
ized in that a circumferential surface of the first 
annular plate member which opposes the second annular 
plate member, a circumferential surface of each of the 
first annular permanent magnets which opposes one of the 
second annular permanent magnets, and a circumferential 
surface of each of the first yokes which opposes ^one of 
the second yokes are arranged on a single circum- 
ferential plane having the central axis of said base as 
a center. 

6. An apparatus according to claim 2, character- 
ized in that circumferential surfaces of the first 
annular permanent magnets which are opposite to the 
second annular permanent magnets are arranged on a 
single circumferential plane having the central axis of 
said base as a center, and a circumferential surface of 
the first annular plate member opposite. to the second 
annular plate member and circumferential surfaces of the 
first yokes opposite to the second yokes are projected 
outward toward corresponding ones of the second annular 
plate member and the second yokes. 

7. An apparatus according to claim 6, character- 
ized in that thin conductive rings (94) covering 
circumferential surfaces of the first annular permanent 
magnets are arranged between an. annular projection of 
the first annular plate member projecting beyond 
circumferential surfaces of the first annular permanent 
magnets and annular projections of the first yokes 
projecting beyond circumferential surfaces of the first 
annular permanent magnets. 

8. An apparatus according to claim 2, character- 
ized in that the magnetic circuit means further includes 
third and fourth annular permanent magnets (96, 98) 
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respectively mounted on one of the first yokes and one 
of the second yokes paired therewith, the third annular 
permanent magnet (96) being magnetized in the same 
direction as that (62) of the other of the first yokes, 
or the fourth annular permanent (98) magnet being 
magnetized in the same direction as that (70) of the 
other of the second yokes; and third and fourth yokes 
(100, 102) of annular plate shape mounted on the third 
and fourth annular permanent magnets so as to sandwich 
the third and fourth annular permanent magnets between 
one of the first yokes and one of the second yokes, the 
third and fourth yokes being radially opposed each other 
to define a fourth annular gap therebetween . 

9. An apparatus according to claim 1, character- 
15 ized in that the magnetic circuit means further includes 
first yokes of annular plate shape mounted on the first 
annular permanent magnets, respectively, to sandwich the 
first annular permanent magnets together with the first 
annular plate member; and a second yoke (104) which is 
20 formed integrally with the second annular plate member 
to extend in opposite directions therefrom along the 
axial direction of said rotor, two ends of the second 
yoke radially opposing the first yokes so as to define 
second and third annular gaps therebetween. 
25 10. An apparatus according to claim 1, character- 

ized in that the first annular plate member is arranged 
radially inwardly of the second annular plate member. 

11. An apparatus according to claim 1, character- 
ized in that the first annular plate member is arranged 
radially outwardly of the second annular plate member. 

12. An apparatus according to claim 1, character- 
ized in that the first annular plate member and said 
base are coupled to each other through four arms of 
magnetic material arranged at equal intervals along a 

35 circumferential direction of said apparatus, and said 

magnetic flux density varying means has solenoids wound 
around the arms, respectively. 
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